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(3) Ink for ink jet printing. 



(57) Fast drying ink compositions contain a colorant, water and a cosolvent. Some of the ink compositions 
dry in less than about 1 second and have a viscosity of betwween about 1.6 and about 2.5 centipoise and 
a specified surface tension. Some of the ink compositions contain specified cosolvents, preferably a 
mixture of diethylene glycol monobutyi ether and glycerol. 
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This invention relates to ink jet printing, and more particularly, to ink compositions suitab.e for ink jet prin- 
terS ,nk compositions, especially those for use with ink jet printers, must saUsfy a number of conditions in omer 
to ^SSSSSSd Possess properties which permit it to be J^^M ^ ink jet 

EESSSSSSSSSSsbs 

*• ^s^xi^^^ °< « ■* c ° mposiuon ^ negative,y affect the prin !. qua,ity an r 

drvin^e rftt ^ nk^nfe may Lult in excessive feathering or wicking a.ong the paperf.bers due to cap^ry 
S,td.lgerting«mes y at higher viscosity. Adjustments to the surface tension to .mprove a certa.n char- 

mwMm^m 

confer may cow*. dMhmtart* IM^J «*A ^^T^, 28 ° " 5 
, d^ r«.?*»* confer* - «*"• «*» ™ ™» "™ me 

prop* alcohol, diethylene glycol monoethyl ether, diethylene glycol monopropyl ether, and d.ethylene glycol 

hutvl carbitol acts as a dye stabilizer and wetting agent «. fa hio 
butyl ca^ a y QS disdoses an ink composition compns.ng a laked alkal. stable 

J!£Z^£!& agent is dispersed in a liquid medium having butyl carbitol. water, a non,on,c sur- 
factant and an a i no a.coho^ ^ ^ ^ ater dye and glycol 

ether/^he eLr m a ; indude butyl cel.oso.ve (glycol monobuty. ether), butyl carb,tol. and m,xtures there- 
° f " U.S. Patent No. 4.508.570 to Fujii et al discloses an aqueous ink component comprising a water-soluble 
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dye, a polyhydric alcohol and/or an alkyl ether, water, and at least one water-soluble non-ionic surface active 

agent. The non-ionic surface active agent may comprise a polyoxyethylene alkyl amine, a polyoxy ethylene alkyl 

phenyl ether or a polyoxyethylene alkyl ether. 

U.S. Patent No. 4,740,549 to Okuzono et al discloses a wipe-erasable ink composition for a writing board, 
5 and is thus irrelevant to ink jet inks. The ink composition comprises a dye, an organic solvent, and a non-ionic 

surface active agent. The nonionic surface active agent may include polyoxyethylene sorbitol monostearate, 

polyoxyethylene oleyl ether, polyoxyethylene stearyl ether, etc. 

U.S. Patent No. 4,889,877 to Seitz discloses a printing ink composition comprising water, a non-volatile 

diluent, oil-containing microcapsules, a protective colloid blend, and a binder emulsion or alkali soluble resin. 
10 The non-volatile diluent may comprise methyl glucoside, dimethyl urea, sorbitol, erythritol, and polyoxyethylene 

polyols. 

U.S. Patent No. 4,836,852 to Knirsch et al discloses an ink composition comprising a dye in a mixture of 
water and glycol wetting agents. The dye may include solubilizing agents such as N-methyl pyrrolidone and 
derivatives thereof. A surface tension of between 35 and 40 dynes/cm is disclosed. 

15 Although the ink compositions of the prior art provide inks with certain advantageous qualities, it is desirable 

to provide inks having fast drying times and good print quality. 

The present invention provides fast drying ink compositions (drying in less than about one second on plain 
paper) comprising a dye, water and a cosolvent. The ink compositions preferably contain about 5 to about 40 
percent by weight of the cosolvent and have a surface tension of less than about 42 dynes/cm, preferably less 

20 than 35 dynes/cm or between 32 and 40 dynes/cm, and a viscosity of about 1 .6 to about 3.0, preferably about 
2.5, centipoise. Preferred embodiments include specified cosolvents, preferably a mixture of diethylene glycol 
monobutyl ether and glycerol. 

The present invention provides ink compositions having fast drying times and good print quality. Other ad- 
vantageous characteristics that can be provided by ink compositions in accordance with the invention are high 

25 frequency responses and acceptable waterfastness and latency properties. Generally, ink compositions of the 
present invention comprise an ink vehicle, such as water or a mixture comprising water and a water soluble or 
water miscible organic solvent, and a colorant soluble in the ink vehicle. The ink composition may be free of 
host molecules having inclusion ability. 

Ink compositions of the invention may contain about 50% to about 92% by weight of water and about 2% 

30 to about 40% by weight of at least one water miscible cosolvent as the ink vehicle, about 2% to about 8% by 
weight of colorant, and about 5% to about 10% by weight of optional additives. 

A preferred fast drying ink composition of the invention comprises water, dye, and about 2% to about 40% 
by weight, more preferably at least 5%, even more preferably about 10% to about 25% by weight, of at least 
one cosolvent, and has a viscosity of about 1.6 to about 2.5 centipoise, a surface tension of less than about 

35 40 dynes/cm, preferably less than 35 dynes/cm (for example, about 28 to less than about 35 dynes/cm) or be- 
tween 32 and 40 dynes/cm, and a drying time of less than about 1 second on plain paper. (Viscosity values 
herein are measured at 25°C.) More preferably, the ink dries in less than about 0.6 second (normalized to 80 
pL drop volume) on plain paper, and optimally dries in about 0.2 to about 0.6 seconds. In one particularly pre- 
ferred embodiment the cosolvents lower the drying time without the need for surfactants. However, the ink com- 

40 position may further comprise about 0.02% to about 0.6% by weight of at least one surfactant. Alternatively, 
the ink composition may further comprise about 0.01% to about 5.0% by weight of a polymeric surfactant The 
inks preferably have a high frequency response, for example, Fmax £ 5kHz. Fmax is the maximum frequency 
at which the ink jet ink can be jetted from the ink jet printhead. Frequencies higher than 5kHz are usually ob- 
tained with inks of low viscosity, preferably lower than 2 centipoise. In this embodiment, a cosolvent such as 

45 diethylene glycol monobutyl ether may be present in a concentration as low as 2 or 3% by weight 

Cosolvents which may be utilized in preferred embodiments of the present invention include propylene car- 
bonate, ethylene carbonate, 1-cyclohexyl-2- pyrrolidone, diethylene glycol monobutyl ether, isopropanol, 1-me- 
thyl- 2-pyrrolidone, 2-amino-2-methyl-1-propanol, methyl diethanol amine, pyrazole, benzyl alcohol, 1,3-dime- 
thyl-2 imidazolldinone, propylene glycol monomethyl ether, dipropylene glycol monomethyl ether, tripropylene 

so glycol monomethyl ether, propylene glycol mono-t-butyl ether, ethylene glycol ethyl ether acetate, ethylene gly- 
col methyl ether acetate, ethylene glycol butyl ether, diethylene glycol butyl ether and its acetate, propylene 
glycol methyl ether acetate, dipropylene glycol methyl ether acetate, tripropylene glycol methyl ether acetate, 
and mixtures thereof. High molecular weight glycols, for example, glycerol, D-sorbitol, ethylene glycol, propy- 
lene glycol and the like, and propylene glycol ethers and acetates, may be used in an amount from about 0.1 

55 % to about 15% by weight, preferably about 1% to about 8% by weight to improve latency. 

In another preferred embodiment the cosolvent is selected from the group consisting of propylene carbon- 
ate, ethylene carbonate, 1-cyclohexyl -2- pyrrolidone, 2-amino-2-methyl -1-propanol, pyrazole, benzyl alcohol, 
ethylene glycol ethyl ether acetate, ethylene glycol methyl ether acetate, ethylene glycol butyl ether, diethylene 

3 
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about 28 to 42 dynes/cm and viscosities of about 1 .05 to about 3.0 centipo.se^ "DEG-MBE also 

it has been observed that the addition of diethylene glycol monobutyl ether (here.nafter DEG MBt, also 

d J^l. 1^. improved putty «ha„ dodipa^d .o lows, r »iso<*«y ,*s, hay. m,n. 

acteristics including for example, polyoxyalkyleneamines (e.g., Jeffam.ne ED-600 Jeffam.ne EI> 900 Jeffa 
5Zm MoT Jeffamine ED-4000), propoxyiated (poly-(oxypropylene)) diam.nes (e.g., Jeffam ne C-346). * 
S^^^SSn. M -20 P 05 P .effamine M . 207 0 avaHabfefrorr iTexaco ^Chemical Co^nony. phend 
eThoxvtateT e g Rexol 130 available from Hart Chemicals), ethoxylated fatty am.nes (e^g., Hartonyl L535 and 

tel Diato e Dl S£vw2E2L Jm M*N Kogyo SalyaKo Co.. Ud. (DKS l"Jn,^ * 

pd^£?Z« • STSwc. pdyaaylM. salts. polya-ethacrylata aalta, polyvinyl alcohols Ir,**, 
carboxylate salts, sulfite salts, amine salts and the like, present in an amount of from 0 to about 1 percent by 
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weight and preferably from about 0.01 to about 1 percent by weight; or the like. 

The colorant may be any material which permits the development of visible images on a recording medium 
such as paper. The colorant may include dyes, pigments, and the like. The colorant is preferably a dye. Gen- 
erally, any effective dye, such as one of the direct, acid or reactive dyes, can be selected as the colorant, pro- 

5 vided that it is compatible with the other ink components and is soluble in the ink vehicle. Examples of suitable 
dyes include anthraquinones, monoazo dyes, disazo dyes, phthalocyanines, aza(18)annulenes, andformazan 
copper com- plexes. Particularly preferred dyes which may be used in the ink compositions of the invention 
include, for example. Food Black #2, Direct Black (D8) 168, 19, 154, 38, Acid Blue 9 (triphenyl methane dye), 
Projet Cyan, Projet Magenta, Acid Yellow 23. Preferred reactive dyes include vinylsulfonyl, trichloropyrimidine, 

10 dichloro-triazinyl and chlorotriazinyl dyes. 

Inks can be prepared by any process suitable for preparing aqueous-based inks. For example, the ink in- 
gredients can be mixed in the desired amounts and stirred until a uniform ink composition results (typically about 
30 minutes or more, preferably about 2 hours at about 50°C, although the mixing/stirring time can be either 
greater or less than this). While not required, the ink ingredients can be heated during mixing if desired. Sub- 

15 sequent to mixing and stirring, the ink composition generally is filtered, preferably with a 0.5 micrometer filter, 
to remove any solid or particulate matter. Any other suitable processes for preparing inks can also be employed. 

The ink compositions of the invention preferably can be used in ink jet printing systems. Inks generally used 
in an ink jet printing system preferably are capable of being utilized without clogging or leaking in either the 
type of printing system which uses thermal energy to produce a vapor bubble in an ink-filled channel to expel 

20 a drop of ink, or the type of system which uses a piezoelectric transducer to produce a pressure pulse that expels 
droplets from a nozzle. 

The invention will further be illustrated in the following, non-limiting examples, it being understood that these 
examples are intended to be illustrative only and that the invention is not intended to be limited to the materials, 
conditions, process parameters, and the like recited herein. 

25 

EXAMPLE I 

A series of black, cyan, magenta and yellow Thermal Ink Jet (TIJ) inks is prepared containing 10% propy- 
lene carbonate, 3.0% Food Black #2 (or 3% Acid Yellow 23, or 35% Projet Magenta, or 30% Projet Cyan), 4% 

30 of a polymeric surfactant Discole N-506, and deionized water. These inks have identical surface tensions of 
about 35.5 dynes/cm, viscosities ranging from about 1 .8 to 1 .9 centipoise and drying times on the order of 0.3 
second. Each set of inks is printed on an experimental printer to give prints showing minimum intercolor bleeding 
and feathering. These inks can also jet at frequencies (Fmax) above about 5 KHz. Inks with the same basic 
composition are also prepared except that 0-1 % by weight, preferably 0.02-0.06% by weight, sodium lauryl sul- 

35 phate is used as a surfactant instead of the Discole N-506. These inks also give prints showing minimum feath- 
ering (printed on a Deskjet printer). Other co-solvents, at 15% in water, are used in the above formulations to 
prepare inks drying in less than 1 second. These co-solvents are identified in Table 1. It is also found that inks 
containing polymeric surfactants such as Discoles and Jeffamines improve the jetting characteristics of TIJ inks. 
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TABLE 1 

1 ETHYLENE GLYCOL MONOMETHYL ETHER 

2 PROPYLENE CARBONATE 

3 TRIETHYLENEGLYCOL MONOMETHYL ETHER 

4 PROPYLENE GLYCOL 

5 DIPROPYLENE GLYCOL MONOMETHYL ETHER 

6 PROPYLENE GLYCOL MONOMETHYL ETHER 

7 2-AMINO-2-ETHYL-1,3-PROPANEDIOL 

8 NMP (N-METHYL PYRROLIDINONE) 

9 1 ,3-DIMETHYL-2-IMIDAZOLIDINONE 
15 10 1-PROPANOL 

1 1 MONATROPE 1 296 (LOW FOAMING ORGANIC PHOSPHATE ESTER 
SURFACTANT FROM MONA INDUSTRIES, INC) 

12 1-(3-AMINOPROPYL)-2-PYRROLIDINONE 
20 13 2-AM1NO-2-METHYL- 1-PROPANOL 

14 BENZYLALCOHOL 

1 5 TRlS(HYDROXYM ETHYL AMINO) METHANE 

1 6 ETHYLENE CARBONATE 

25 17 l-CYCLOHEXYL-2-PYRROLIDINONE 

18 WITCONATE SCS (SODIUM CUMENE SULFONATE) 

19 CYCLOHEXANONE 

20 DEG-MBE 

21 DEG-MBE/GLYCEROL (60/40) 

22 GLYCEROL 

23 DIETHYLENE GLYCOL 

24 ETHYLENE GLYCOL 

25 POLYETHYLENE GLYCOL 

26 PROPYLENE GLYCOL MONOMETHYL ETHER 

27 1-CYCLOHEXYL-2-PYRROLIDINONE/DISCOLE N-503 

28 10% PROPYLENE CARBONATE/2% DISCOLE N-503 

29 1 5% DEG-MBE/1 % DISCOLE N-506 

30 1 5% DEG-MBE/GLYCEROL (60/40) 

31 15% DEG-MBE/1 % SODIUM LAURYL SULFATE 

32 1 5% DEG-MBE/1 % DISCOLE N-503 

33 1 5% PROPYLENE GLYCOL METHYL ETHER/3% DUPANOL RA 

34 15% DEG-MBE/GLYCEROL (68/32) 

35 PROPYLENE GLYCOL METHYL ETHER/1 % DUPANOL D 

36 15% 1-CYCLOHEXYL-2-PYRROLIDINONE/1% DISCOLE N-503 

37 7% PROPYLENE CARBONATE/1% DISCOLE N-503 
SO 38 10% PROPYLENE CARBONATE/1 % DISCOLE N-506 

EXAMPLE II 

55 Two series of Inks are prepared. The first series has a vehicle that gives low viscosity inks, yet drying times 

are quite long. The inks of this series contain 3% dye and 5.25% diethylene glycol in deionized water. The sec- 
ond series of inks is made using 6% DEG-MBE and 4% glycerol in deionized water. These inks have much 
shorter drying times, and viscosities of 1 .45-1 .55 centipoise, and therefore jet better in a printhead due to re- 
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duced printhead face wetting at higher viscosity for inks of low surface tension. The table below compares the 
drying times of these two vehicles. 
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Surface Tension Viscosity 
(dynes carl) <cP> 



Drying Tim (tie) 



Strin #1 
CCOKTtCO 

KM 
KH2 

xxs 

KH4 

Series 02 

CO 
KH6 
KH7 



Food Block #2 
Acid Yellow 23 
Acid Red 249 
Direct Blue 199 



58.7 
59.5 
42.9 
55.9 



Food 8 Leek #2 (3X) 38.7 

Acid Yellow 23 C3X) 42.5 

Acid Red 249 <4*> 38.6 

Direct Slue 199 (31) 41.0 



1.08 
1.14 
1.16 
1.42 



1.48 
1.42 
1.51 
1.38 



A 

US 


FS 


US 


a 

FS 


C 

US 


FS 


21 


20 


25 


46 
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16 


21 


17 


14 


10 
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15 


17 


13 


16 


5 
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16 


21 


17 


14 


11 
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1 
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A = Brazil XED 518 Paper 

B = Lock Haven 405813-4 Paper 

C = IP Alkaline 4297-CDIM Paper 

WS = Wire Side 

FS = Felt Side 



From the two tables above, it is seen that when the vehicle contains 4% glycerol and 6% DEG-MBE (as 
in Series #2) the drying times on plain paper are significantly decreased. The decrease in the surface tension 
is an important factor in decreasing the drying time. 

The inks prepared with the DEG-MGE and glycerol show significantly improved drying times on plain paper, 
35 and their viscosities are in a range that permits them to jet well in the printhead. If these viscosities are obtained 
by simply increasing the glycol concentration, the drying times may be one minute or longer on plain paper. 
The degree of intercolor bleeding is also minimized when the inks have such fast drying times. 



40 Claims 



1 . An ink composition, comprising water, dye and about 2% to about 40% by weight of at least one cosolvent, 
the composition having a viscosity of about 1.6 to about 2.5 centipoise, a surface tension of about 28 to 
less than about 35 dynes/cm, and a drying time of less than about 1 second on plain paper. 

45 

2. A composition in accordance with claim 1, wherein said at least one cosolvent is selected from the group 
consisting of propylene carbonate, ethylene carbonate, 1-cyclohexyl- 2-pyrrolidone, diethylene glycol 
monobutyl ether, isopropanol, 1-methy1-2- pyrrol idone, 2-amino-2-methyl -1-propanol, methyl diethanol 
amine, pyrazole, benzyl alcohol, 1,3-dimethyl-2-imidazolidinone, propylene glycol monomethyi ether, di- 

50 propylene glycol monomethyi ether, tripropylene glycol monomethyi ether, propylene glycol mono-t- butyl 

ether, ethylene glycol ethyl ether acetate, ethylene glycol methyl ether acetate, ethylene glycol butyl ether, 
diethylene glycol butyl ether acetate, propylene glycol methyl ether acetate, dipropylene glycol methyl 
ether acetate, tripropylene glycol methyl ether acetate, and mixtures thereof. 

55 3. A composition in accordance with claim 2, further comprising at least one member selected from the group 
consisting of glycerol, D-sorbitol. ethylene glycol and propylene glycol. 

4. A composition in accordance with daim 1 , wherein said at least one cosolvent comprises diethylene glycol 
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monobutyl ether and glycerol. 

weight of the composition of at leas ^ooe ^^TtJZll methyl 1-prooanol. pyrazote. t»ozyl 

20 
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